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The small family size and low nesting success and probably are attained regularly in a numof many tropical land birds must mean that ber of other forest species. adult survival rates are high, at least by comparison with land birds of temperate latitudes; STUDY AREA AND METHODS but not much direct information is available banding and (last) recapture plus, in some cases, an additional minimal period during which the bird must have been alive prior to banding, as judged from its plumage-type. Tables 1 and 2 summarize the minimal ages at recapture of manakins and other species separately.
Man&ins. Recaptured males and females of both species (M. manacus and P. erythrocephala) were extremely long-lived compared with most similarly sized passerines of temperate zones. The greatest minimal age at recapture observed in M. manacus was for a male at least 14 years old that was still resident at a lek in the study area when Lill' s trapping program terminated in 1971. By that time this male had probably been a continuous, territorial resident at the lek for 11.5 years. A comparable minimal age at recapture was recorded for a female P. erythrocephala (12 yrs), and 27 of the 52 recaptured manakins were at least 9 or more years old.
We obtained no exact figures for the life span of any individuals of either species. After abandoning their territories at a lek where they have resided for an extended period, old males may survive for at least a year in the general vicinity of the lek. Their disappearance from the lek cannot therefore safely be interpreted as indicating that they have died (Lill 1974a, b) . However, the date of death of one male of each species could be pinpointed fairly confidently, since these birds were caught or observed regularly in the year following their reversion to nonterritorial status and then abruptly disappeared from the population. One of these males which had shown progressive loss of body plumage during its presumed final year of life (possibly a senile trait) was exactly 10 years old when he disappeared, and the other was at least 10 years old.
The recapture of 52 manakins in the same small side-valley where they had been banded many years earlier illustrates the sedentary nature of these populations. This might be expected in lek-displaying species which use a traditional mating arena. Many of the recaptured manakins probably occupied the same highly localized home ranges (within the quarter-mile stretch of side-valley forming the study area) throughout much of their lives. The distance between the original capture and subsequent recapture sites was recorded for 22 individuals of each species. At precisely the same site where they were banded, 40.9% of M. manacus and 50.0% of P. erythrocephala were recaptured; 22.7% of M. manacus and 36.4% of P. erythrocephala were retrapped within 100 m of their original capture sites.
Sight records were obtained of two additional P. erythrocephala females marked by Snow which could not be individually identified or aged very accurately; they visited males at a lek when at least 8.5 years old.
Other Sight records of a banded Oilbird (Steutornis caripensis) at least 12 years old and a banded White-lined Tanager (Tachyphonus rufus) at least 6-7 years old indicated that individuals of these species also attain considerable age in Trinidad.
AGE OF BREEDING BIRDS
Manakins. Male White-bearded and Goldenheaded Manakins display in leks and the female rears the young alone. Females breed as yearlings, but males experience deferred sexual maturity and do not molt into adult plumage until their second year (Snow 1962a,  b) . Most males may first breed when much more than one year old, however, since it often takes them a season or more to establish a territory at the mating arena. Also, there is a markedly nonrandom distribution of mating in the lek in which older males appear to be more successful (Lill1974a, b).
The single nesting record obtained for a banded P. erythrocephalu was of a female which laid an unsuccessful clutch at a minimal age of 9.5-10 years. This female also visited leks and displayed with males the following season when one year older. Another female copulated when at least 11 years old and two others displayed with males at leks when at least 12 years old. Thus some females of this species may breed for a period of at least 11 years. The single recaptured male which was resident at a lek was observed copulating at a moderate frequency when he was at least 9 years old and in his last season of residence at a lek. He was thought to have died a year later. Although the age of first breeding may be considerably delayed in male Goldenheaded Manakins, this observation indicates that they may still breed for at least 7-8 years.
Nests of six female White-bearded Manakins banded by Snow were found in 1967 and 1968. These breeding females were at least 7.5, 8, 8.5 (3), and 10 years old. Four of the six breeding attempts were successful, including that of the hen with a minimal age of 10 years. Five other banded females were observed copulating at minimal ages of 7, 7.5, 8.5 (2)) and 9 years, respectively. Three other females displayed with males at a lek when at least 7 and at least 8 (2) years old. Thus some female M. mu~ucus may breed until at least 10 years old.
One recaptured male White-bearded Manakin copulated with a female when at least 11 years old and continued to display (and possibly copulate) with visiting females at a lek for a further 3 years. A second male was still resident at a lek and sexually responsive to visiting females when at least 12 years old. Though deferred maturity and the competitive nature of the lek system reduce the male' s effective breeding life in this species, it seems clear that many males breed for extended periods.
Other species. A banded member of a pair of Blue-crowned Motmots, active in 1969 and 1970 at a nest tunnel whose interior could not be reached for examination, was at least 10 years old in the latter year. The behavior of this bird clearly suggested it was nesting in both years. A female Plain Antvireo was paired and occupied the same tract of forest in the study area from 1968 to 1971; Lill found four of her nests during this period (see also Lill and ffrench 1970). She was last observed nesting when at least 9.5 years old. Her behavior suggested that she also nested in the area the following year, though no nest was found. None of her nesting attempts was successful.
ANNUAL SURVIVAL RATE
Although accurate annual survival rates cannot be calculated from our data, the minimum survival rates which can be calculated for the White-bearded Manakin are of interest. A total of 264 individuals was banded from May 1958 to September 1961. Of these, 182 were seen subsequently or trapped again at least once during this period; most of them were seen or trapped several times, and some were familiar occupants of, or visitors to, the leks which were being watched. In other words, these I82 birds can be assumed to have been settled on the study area, or at least were regular visitors. The other 82 birds that were trapped and not recorded again were mainly in female or juvenal plumage; probably most of them were unestablished young birds. Of the 182 birds which were recorded again at least once, 30 (17%) were known to be alive an average of 9 years later (table 1). This corresponds to an annual survival rate of 82%. If the calculation is based on the grand total of 264 birds banded, the percentage survival over 9 years is 11.4%, corresponding to an annual survival rate of about 79%. This latter figure is an extreme underestimate, and 82% is also almost certainly a considerable underestimate, since it is likely that a certain number of settled individuals in the study area escaped being retrapped. Furthermore, nearly half of all the birds trapped were given two color bands only (the other half being given a combination of color bands and a metal band). It is known that some color bands were lost between the time when the birds were last recorded by Snow and retrapped by Lill 7 years or more later, and some birds probably lost both bands. The true annual survival rate over this period can hardly, therefore, have been much less than the 89% calculated for established males at leks (Snow 1962a ) .
DISCUSSION
Annual survival rates of 80% or more may have important effects on reproductive and other strategies. This is a consequence of the fact that the expectation of further life (derived from the formula 2 -m/2m, where m is annual mortality expressed as a fraction) increases more and more rapidly as the rate of annual survival increases. Thus if annual survival is increased from 50 to 60% (i.e., by 20%), the expectation of further life increases by 3370, from 1.5 to 2.0 years. If annual survival increases from 70 to 80% (by 14% ), the expectation of further life increases by 61%, from 2.8 to 4.5 years; another 12% increase in survival, ' from 80 to 90%, results in an increase in expectation of further life of ill%, from 4.5 to 9.5 years. Under these circumstances, if the effort and risk entailed by attempts to establish a territory and breed, or to raise a larger rather than a smaller family decrease the individual' s chance of survival by only a little, it should be more profitable to defer the attempt or to raise a smaller family; the gain in increased life expectation should outweigh the uncertain immediate advantage. This general argument has been formulated in mathematical terms by Williams ( 1966)) and we wish simply to draw attention to the fact that it is especially applicable to species whose mortality rates are at the level we have found for M. manucus.
Another, largely independent process may be involved in the evolution of low reproductive rates. If nest losses are very high (whether they involve risk to the adult or not) and approach 80-90%, any strategy which reduces the percentage loss, even by a little, will very greatly increase productivity.
Thus a 10% decrease in nest mortality, from 90 to 81%, would nearly double reproductive success, other things being equal. If a reduction in family size, either by enabling the parent to make fewer visits to the nest or by allowing a smaller and less conspicuous nest, reduces nest mortality by only a little, it might be very strongly selected for. This argument has been used in discussing the single-egg clutch of the Bearded Bellbird (Procnius averano) (Snow 1970) and the two-egg clutch of M. munucus (Lill, unpubl. data).
The equable climate of tropical forests, a food supply buffered against periods of scarcity by the great diversity of prey species or plant foods, and consequent elimination of the need to migrate, must all be predisposing factors for high annual survival rates in tropicalforest passerine birds. The great variety of nest predators, some of them specialized as such, must tend to depress nesting success. For the above reasons, these factors acting together must be expected to favor all adaptations which further reduce annual adult mortality and those which increase nest safety at the expense of family size. Such a result is to be expected whatever may be the ecological circumstances of particular species. A low annual mortality has been interpreted as a necessary consequence of a low reproductive rate (e.g., Lack 1954). Taking the opposite view, Skutch (1949) has interpreted the low reproductive rate of tropical birds living in stable environments as an adaptive response to their low mortality rates. Whatever the outcome of this long-standing controversy, it seems that both a low adult mortality and a low reproductive rate are promoted, at least in tropical forests, by factors that are not directly involved in the regulation of population levels.
SUMh4ARY
Records are presented of longevity in two species of manakins and some other tropicalforest birds in Trinidad, based on a trapping program extending over 13 years and on behavioral field study of the manakins.
The greatest minimal age at recapture was 14 years for a male LManacus manacus and 12 years for a female Pipra erythrocephala. The 14-year-old M. manacus had probably been a continuous territorial resident at a lek for at least 11.5 years. Minimal ages at recapture ranging up to 11 years were recorded for a number of other species.
Female P. erythrocephala were recorded breeding up to ages of at least 11 years, and female M. mamzcus, up to ages of at least 10 years.
The minimal annual survival rate for M. manacus over a g-year period was calculated from recaptures as 79% (an extreme minimum) or 82% (almost certainly too low).
